2+ into protoporphyrin IX to generate protoheme. A putative mature region of a cucumber ferrochelatase cDNA (hemH) was overexpressed in Escherichia coli and purified to homogeneity (40 kDa). The optimum pH was 7.7, and the apparent K m values for deuteroporphyrin IX and Fe 2+ were 14.4 fiM and 4.7 /*M, respectively. The activity of the ferrochelatase was inhibited by 7V-methylprotoporphyrin IX (I 50 = 4nM). Western blot analysis with a polyclonal antibody raised against the recombinant ferrochelatase showed that the antibody crossreacted with protein extracts from hypocotyls and roots of cucumber but not with that from cotyledons. The antibody did not crossreact with proteins of thylakoid membranes of chloroplasts in cucumber cotyledons, although the ferrochelatase activity was mainly associated with the thylakoid membranes. Northern blot analysis also indicated that the hemH gene was expressed mainly in hypocotyls and roots, but little in cotyledons, and the level of the hemH transcripts was not light-responsive. These results demonstrated that the cucumber hemH gene encodes a ferrochelatase which presumably functions for heme biosynthesis in non-photosynthetic tissues, such as hypocotyls and roots, and suggested the presence of other types of ferrochelatase in cucumber, one of which is located in thylakoid membranes of chloroplasts.
dro and Labbe 1988). Ferrochelatases have been purified as a monomer of 35-42 kDa from a number of organisms including bacteria, yeast and mammals, and their enzymatic properties have been intensively investigated (Taketani and Tokunaga 1981 , Dailey and Fleming 1983 , Camadro and Labbe 1988 , Miyamoto et al. 1994a , Hansson and Hederstedt 1994 . The kinetic properties such as pH optimum, substrate affinity and specificity, and sensitivity to inhibitor are similar among these enzymes, suggesting that the nature of the active center and the reaction mechanism are the same for these enzymes. Models for the active site of ferrochelatase have been suggested since several ferrochelatase cDNAs were isolated, subsequently site-directed mutagenesis was performed (Kohno et al. 1994) , and crystal structure analyzed (Al-Karadaghi et al. 1997) .
By contrast, ferrochelatase in higher plants has been much less investigated, such as its purification, enzymatic properties, localization and physiological significance. Although ferrochelatase activity has been detected in several tissues and organelles (see below), the enzyme has not been purified to homogeneity from any plant material, nor has overexpressed enzyme been purified. This situation makes it difficult to prepare the antibody against the enzyme and to compare the enzymatic properties with those of other purified enzymes of bacteria and mammals, and hence makes localization analysis difficult.
In higher plants, ferrochelatase activity has been detected in bean cotyledons, oat seedlings and spinach leaves (Jones 1968, Porra and Lascelles 1968) and barley etiolated seedlings (Little and Jones 1976, Jacobs and Jacobs 1995) . Furthermore, ferrochelatase activities with different pH optima of etiolated barley have been reported to be associated with both mitochondria and etioplasts (Little and Jones 1976) . In barley etiolated seedlings, ferrochelatase activity has been detected in mitochondria, etioplasts and plasma membranes (Jacobs and Jacobs 1995) . In pea chloroplasts, the activity has been shown to be associated with thylakoid membranes but not with envelope membranes (Matringe et al. 1994) . However, these investigations on in vivo enzymatic properties do not necessarily make it clear whether these ferrochelatases are the same or different.
Early steps of heme synthesis in plants are thought to be solely located in plastids, whereas the last few steps of the synthesis including the chelation of ferrous ion are likely to be localized in each compartment of the cell where heme is present. It is, therefore, interesting to know how many genes encode these ferrochelatases and how they are expressed depending on tissues, organelles, and developmental and environmental conditions. Recently, ferrochelatase cDNAs were isolated from cucumber and barley (hemH, Miyamoto et al. 1994b) , and two ferrochelatase genes were isolated from Arabidopsis thaliana (Chow et al. 1998) . These cDNAs were isolated by functional complementation of E. coli or yeast HemH mutants, and the deduced amino acid sequences were similar to those of other eukaryotic ferrochelatases. By expression and import assays, one of the Arabidopsis ferrochelatases was shown to be expressed in leaves, stems, roots and flowers and imported into both chloroplasts and mitochondria, whereas the other was expressed in leaves, stems and flowers and targeted solely to chloroplasts (Chow et al. 1998) .
In this study, we purified a cucumber ferrochelatase (HemH) overexpressed in E. coli and analyzed its enzymatic properties. Furthermore, immunolocalization of the enzyme examined with antibody demonstrated that the ferrochelatase was present in both hypocotyls and roots but hardly in cotyledons of cucumber.
Materials and Methods
Plant materials-Etiolated cucumber seedlings (Cucumis sativus L. cv. Aonagajibai) were grown on moist gauze at 26°C in a growth chamber in darkness for 4 d (in some cases, for 4 d and 12 h). Then, they were kept in light for 12 h (illuminated).
Construction of GST-ferrochelatase expression vector-The putative mature region of cucumber hemH cDNA was estimated by Miyamoto et al. (1994b) . This region (from Phe-102 to Thr-514) was amplified by the PCR primers: 5-GGGGATCCT-TTGCTTTAGAATCTCAATCT-3' (corresponding to 398-418 nt.) and 5-GGGAATTCTCAGGTAAATATAAGTCTAAC-3' (1,619-1,639 nt.). The cucumber hemH cDNA was subjected to 30 cycles of PCR amplification (40 s at 92°C, 40 s at 60°C, 90 s at 75°C) using the Taq DNA polymerase (Takara Shuzo, Otsu, Japan) according to the manufacturer's instructions. The amplified products were digested with BamKl and EcoRI, and ligated into the expression vector pGEX-2T (Amersham-Pharmacia Biotech) predigested with BamHI and EcoRI. This vector designated pGCFl was transformed into Escherichia coli DH5a. To confirm that the mature region of the hemH gene was ligated in frame in the downstream of GST, and no PCR-originating point mutation occurred, pGCFl was sequenced by the dideoxy chain-termination method with [a- 32 P]dCTP (ICN Biomedicals) and BcaEEST DNA sequencing kit (Takara Shuzo) according to the instructions of the manufacturer.
Purification of glutathione-S-transferase (GST)-ferrochelatase and mature ferrochelatase-Luria-Bertani medium in an Erlenmeyer flask was inoculated with E. coli transformant harboring pGCFl and the E. coli was grown at 37°C to >l 6 oo of 0.6. The GST-ferrochelatase fusion protein was induced by adding isopropyl-yff-D-thiogalactopyranoside (IPTG) at a final concentration of 0.1 mM for 16 h. After logarithmic growth, cells were harvested by centrifugation at 5,000xg for lOmin. The subsequent experiments were performed at 4°C. The cell pellet was resuspended in an extraction buffer (25 mM Tris-HCl, pH 7.9, 20% glycerol and 1 mM dithiothreitol (DTT)), and subjected to two passages through a French press at 20,000 psi. To this lysate, 10% Triton X-100 was added to 0.5% to solubilize the fusion protein, and the lysate was incubated for 30min. The lysate was then centrifuged at 10,000 x g for 5 min and 50% slurry of Glutathione Sepharose 4B (Amersham-Pharmacia Biotech) was added to the supernatant. The resin was precipitated by centrifugation at 500 x g for 30 s and washed several times with the extraction buffer containing 0.5% Triton X-100. GST-ferrochelatase fusion protein was eluted in an elution buffer (25 mM Tris-HCl, pH 7.9, 20% glycerol, 1 mM DTT, 0.5% Triton X-100 and 5 mM GSH). GST portion was cleaved by thrombin (Amersham-Pharmacia Biotech) over night, and removed by the adsorption on Glutathione Sepharose 4B. The obtained purified ferrochelatase was stored at 4°C or -20°C. The N-terminal amino acid sequence of the purified ferrochelatase was determined with a protein sequencer (477A; Applied Biosystems) according to the instruction of the manufacturer.
Assay of ferrochelatase activity-Ferrochelatase activity was measured by the pyridine-hemochromogen method (Porra and Jones 1963 , Taketani and Tokunaga 1981 , Matringe et al. 1994 . The reaction was carried out in a Thunberg tube under anaerobic conditions. The reaction mixture contained deuteroporphyrin IX (typically 50 JIM), buffer (25 mM Tris-HCl, pH 7.7, 20% glycerol, 1 mM DTT and 0.5% Triton X-100), and the enzyme was placed in the main tube. Fe(II) citrate in the buffer which was prepared by dissolving equimolar amounts of ferrous ammonium sulfate and sodium citrate was placed in the side arm. Total volume of the mixture was 2 ml. Air in the tube was evacuated by flushing N 2 gas. The reaction was started by mixing the Fe(II) citrate solution with the reaction mixture in the main tube, and carried out at 28°C for 15 min with shaking in darkness. The reaction was stopped by adding 0.5 ml of 0.1 M iodoacetamide and 0.5 ml of 1 M NaOH. Then 0.5 ml of pyridine was added to form pyridinedeuterohemochromogen. The mixture was divided into two cuvettes, and one was reduced by dithionite. The reduced minus oxidized difference spectra from 500 to 600 nm were recorded with a Shimadzu UV-2200 spectrophotometer. The amount of pyridine-hemochromogen formed was calculated from the difference between A 54i and A 5n using a milli molar absorption coefficient of 15.3 cm ] (Fuhrhop and Smith 1975) .
Polyacrylamide gel electrophoresis-Polyacrylamide slab gel electrophoresis in the presence of 0.1% SDS was carried out in 12.5% gel according to the method of Laemmli (Laemmli 1970) . After the electrophoresis, the gels were stained with Coomassie Brilliant Blue R-250 or silver staining kit (Bio-Rad).
Southern and Northern blot analyses-Genomic DNA was prepared from cucumber leaves according to the method of Murray and Thompson (1980) . DNA fragments (10 jug) digested with restriction enzymes were subjected to electrophoresis in a 1% (w/v) agarose gel and then transferred onto a nylon membrane. For Northern blotting, total RNA from each tissue of seedlings was isolated from cucumber according to Iwasaki et al. (1990) . Poly(A) + RNA was isolated from 20 fig of the total RNA by Oligotex™-dT30 < super > (Nippon Roche, Tokyo, Japan). The Poly(A) + RNA was denatured, subjected to electrophoresis and transferred onto a nylon membrane. The blots were hybridized with a 32 P-labeled fragment of the putative mature region of cucumber hemH as a probe. After hybridization, the blots were washed with 2xSSC/0.1% SDS for 15 min at 65°C and 0.2 x SSC/0.1% SDS for 15min at 65°C twice. The bands were analyzed by Image Analyzer BAS 2000 (Fujix, Tokyo, Japan).
Antibody preparation, immunoprecipitation and Western blot analysis-A rabbit was immunized with approximately 500 lug of the obtained purified ferrochelatase with adjuvant complete or incomplete (Nacalai Tesque, Kyoto, Japan). After a booster with the same amount of the enzyme, antiserum was prepared by a standard method. For immunoprecipitation, Protein G PLUS/ Protein A-Agarose suspension (Oncogene Science) and the antiserum (anti-ferrochelatase or pre-immune) were mixed in phosphate-buffered saline (PBS), and gently shaken at room temperature for 3 h. The mixture was centrifuged at 3,000 xg for 5 min, and the resin was washed twice with PBS containing 0.05% Tween 20 and once with the assay buffer for ferrochelatase activity. The expressed ferrochelatase was incubated with anti-ferrochelatase antibody or pre-immuned antiserum conjugated to Protein G PLUS/Protein A-Agarose suspension in the assay buffer at 4°C. After centrifugation at 500 x g for 5 min, the supernatant was used for the measurement of the activity.
Proteins of the various extracts in SDS-PAGE gel were electroblotted onto a nitrocellulose membrane (Schleicher & Shuell, Germany). The membrane was immunoreacted with the antibody and then with AP-anti-Ig conjugate (Vector Laboratories, Burlingame, CA). The bands of cucumber ferrochelatase were detected using ALKALINE PHOSPHATASE SUBSTRATE KIT II (Vector Laboratories).
Preparation of thylakoid membranes from cucumber cotyledons-Cucumber thylakoid membranes were prepared by the method described by Douce and Joyard (1982) . Cucumber chloroplasts were isolated from the cotyledons of the illuminated seedlings (see above) and purified by isopycnic banding in discontinuous Percoll density gradients. Intact chloroplasts were recovered at the interface of 40/80% Percoll at 6,000 xg for 15 min. Thylakoid membranes were purified by discontinuous sucrose density gradients from bursted intact chloroplasts (recovered as the pellet under 0.93 M sucrose layer at 72,000xg for 1 h).
Results
Expression and purification of the recombinant ferrochelatase protein-The cDNA sequence of cucumber ferrochelatase described by Miyamoto et al. (1994b) contained a few sequencing errors. (The correct sequence is C690 to A, T1545 to C, C1549 to T, C1562 to T, and T1566 to A). As a result, the length of this putative precursor protein is altered from 514 to 490 amino acids. The putative mature region of the cucumber hemH was amplified by PCR and was expressed in E. coli. As shown in Fig. 1A , a 62 kDa band corresponding to GST-ferrochelatase fusion protein was detected on SDS-PAGE after IPTG induction. This fusion protein was purified with Glutathione Sepharose affinity chromatography (Fig. IB, lane 1) and GST portion of the fusion protein was cleaved by thrombin treatment. CBB-staining of SDS-PAGE gel showed a band of an apparent molecular mass of 40 kDa (Fig. IB, lane 2) . The protein corresponding to the recombinant cucumber ferrochelatase was purified to homogeneity. For the practical purification of the mature ferrochelatase, the Glutathione Sepharose 4B resin adsorbed with GST-ferrochelatase fusion protein was treated with thrombin, resulting in the removal of the mature ferrochelatase from the resin. The direct treatment of the resin with thrombin was effective for obtaining purified mature ferrochelatase without any trace of contaminants (Fig. IB, lane 3) . The determined N-terminal amino acid sequence of this protein was identical to the expected N-terminal sequence of the cucumber hemH.
Expression of active recombinant ferrochelatase-The preparation of the active ferrochelatase was achieved by optimizing the growth conditions of the recombinant E. coli and the purification procedure. Use of the French press for cell disruption and the presence of both 20% glycerol and 1 mM DTT in the extraction buffer were essential for obtaining the active enzyme. The expressed ferrochelatase was present predominantly in the precipitated fraction of E. coli cell lysate, but the protein was easily solubilized with 0.5% Triton X-100. The activity of GSTremoved ferrochelatase (40 kDa) was approximately comparable with that of GST-ferrochelatase fusion protein.
The subsequent investigations for the properties of ferrochelatase were carried out by using this GST-removed ferrochelatase. Low-temperature induction of the recombinant protein was also effective for obtaining the active enzyme. Among the temperatures tested (15°C, 20°C, 30°C and 37°C), IPTG induction at 20°C was the most effective, and the total yield of the active enzyme was more than 1.4 fold than those of other temperatures tested, and subsequently, the protein for analysis of ferrochelatase activity was induced by incubation for 16 h at 20°C.
Properties of recombinant ferrochelatase- Fig. 2A shows reduced-minus-oxidized difference spectra of pyridine hemochromogen derived from deuteroheme formed by the recombinant cucumber ferrochelatase, recorded at different times of incubation (0, 5, 10, 15, and 20 min). The time course of the formation of pyridine hemochromogen expressed by the differences between A 543 and A m of these spectra is shown in Fig.2B . Under our assay conditions, the product was increased in proportion to the reaction time up to 20 min. In the subsequent experiments, we determined the enzymatic properties of the ferrochelatase by measuring the product formed after a 15-min incubation.
To confirm the enzymatic formation of deuteroheme in the assay, we examined the sensitivity of its formation toward N-methylprotoporphyrin IX, a very potent and specific inhibitor of mammalian ferrochelatase (De Matteis et al. 1980) . Ferrochelatase activity was very sensitive to TV-methylprotoporphyrin IX, and its I 50 value was 4 nM ( Table 1) , which nearly agreed with the values of ferrochelatase reported previously (Matringe et al. 1994 ).
Since we found that ionic strength in the buffer affected the activity, we fixed the concentration of total ions in the reaction mixture at 0.2 M, and examined optimum pH for enzyme activity in Tris-HCl and MOPSNaOH buffer systems. The determined optimum pH value was 7.7. The Lineweaver-Burk plot for deuteroporphyrin IX was linear and gave an apparent K m of 14.4 JUM. The Lineweaver-Burk plot for Fe(II) citrate showed that a high concentration of ferrous ion inhibited the activity of ferrochelatase. Such inhibition by high concentrations of ferrous ion has been reported for ferrochelatase of human liver (Camadro et al. 1984) and mature pea chloroplast (Matringe et al. 1994) . The plot at low concentrations was linear and gave an apparent K m of 4.7 juM. The values of these kinetic parameters of the recombinant protein were similar to those of thylakoidal ferrochelatase of pea (Matringe et al. 1994) (Table 1) , and of other purified enzymes of bacteria and mammals (Hansson and Hederstedt 1994) . Tissue-localization of ferrochelatase analyzed with the antibody-The obtained anti-ferrochelatase antibody completely immunoprecipitated the activity of the recombinant protein, while pre-immune serum did not precipitate The ferrocheletase activity of mature pea chloroplast was described by Matringe et al. (1994) . the activity at all, indicating that the antibody specifically recognized the cucumber ferrochelatase (Fig. 3A) . The antibody could recognize the recombinant protein of 5 ng (data not shown). With this antibody, we investigated the tissue localization of ferrochelatase in cucumber. Using illuminated and etiolated cucumber seedlings, total proteins were extracted from cotyledons, hypocotyls and roots. These extracts (each 40 ng protein) were analyzed by Western blotting. A 38-kDa band was specifically reacted with the antibody (Fig. 3B ). This band was about 2-kDa smaller than that of the recombinant protein (Fig. 3B, lane  F) , probably because the real processing site is closer to the C-terminus, resulting in a slightly larger molecular mass of the putative mature recombinant protein than that of the native one. The band was predominant in hypocotyls, and less in roots, but it was not detected in cotyledons. The intensity of these bands were not changed between illuminated and etiolated seedlings. Activity of ferrochelatase and immunoreaction of cucumber thylakoid membranes-Since ferrochelatase activity was reported to be detected only in thylakoid membranes in pea chloroplasts (0.6nmol of deuteroheme formed min" 1 (mg protein)" 1 , Matringe et al. 1994) , cucumber chloroplastic ferrochelatase activity was thought to be also associated with thylakoid membranes. We, therefore, isolated chloroplasts from 40-h-illuminated cucumber cotyledons and investigated the ferrochelatase activity. A relatively high ferrochelatase activity was detected in thylakoid membranes (0.206 nmol of deuteroheme formed min" 1 (mg protein)" 1 ). However, the thylakoid ferrochelatase activity was not immunoprecipitated with the antibody (data not shown). Moreover, Western blot analysis showed that no band crossreacted with the antibody (Fig. 3B, lane T) . These results revealed that the present ferrochelatase differs from thylakoidal ferrochelatase, which is not recognized by the present antibody.
Northern and Southern blot analyses-The expression of mRNA of the cucumber hemH was analyzed by Northern blot analysis. As in Fig.4A , the hemH mRNA was detected in roots and hypocotyls, but hardly detected in cotyledons. The level of expression was unaffected by light in all tissues. The result of Northern blot analysis was basically consistent with that of Western blot analysis, except that the protein level in hypocotyls was higher than that in roots, and mRNA level was reversed.
To determine the copy number of the cucumber hemH genes, we performed Southern blot analysis. The cucumber genome was digested with four different restriction enzymes and hybridized with labeled DNA probes of the fragment of position 398 to 1,639 of the hemH cDNA. Under the hybridization condition described in Materials and Methods, the probe hybridized with a single band in each case of the applied restriction enzyme (Fig. 4B) , indicating that the cucumber HemH protein is encoded by a single gene.
Discussion
In this study, we have expressed an active cucumber ferrochelatase (for cDNA, Miyamato et al. 1994b ) in E. coli. We emphasize that this is the first report of expression of an active ferrochelatase from a plant source, which enable us to examine the enzymatic characteristics of the pure enzyme and immunolocalization in higher plants. The expressed ferrochelatase existed in both precipitated and soluble fractions, and the protein of the precipitated fraction was easily solubilized with 0.5% Triton X-100. The hydropathy profile derived from the amino acid sequence of the cucumber hemH indicated that the protein does not contain a distinct membrane spanning region (data not shown). Since ferrochelatases have been generally thought to be membrane proteins, it is likely that the present cucumber ferrochelatase was weakly associated with the membrane.
The values for kinetic parameters of the recombinant cucumber ferrochelatase were similar to those reported on enzymes of pea chloroplast thylakoid membranes (Table 1) and of other purified enzymes from bacteria and mammals (Hansson and Hederstedt 1994) . This result supports an idea that most ferrochelatases including those of plants have the same properties of the active center and the reaction mechanism.
The present immunolocalization analysis showed that this ferrochelatase located in non-photosynthetic tissues, such as hypocotyls and roots. This result was also supported by Northern blot analysis, although the protein and mRNA levels in hypocotyls and roots were reversed. This reversion may be caused by the difference in the efficiency of translation and stability of proteins. We have detected high ferrochelatase activity in thylakoid membranes in cucumber cotyledons, the protein of which was not recognized by the present antibody. Since genomic Southern blot analysis showed that this cDNA is encoded by a single gene in cucumber, we suggest that there are at least two different ferrochelatase genes in cucumber, and the present hemH gene encodes ferrochelatase localized in non-photosynthetic tissues.
In plants, most of the studies on ferrochelatase have been focused on its role in photosynthetic tissues. In this respect, the present type of ferrochelatase which exists in hypocotyls and roots is very interesting for the function of tetrapyrrole biosynthesis in non-photosynthetic tissues. The subcellular localization of this ferrochelatase in hypocotyls and roots is another interesting subject, although we could not determine it because it was very difficult to prepare a pure and sufficient quantity of plastidic and mitochondrial fractions from these parts. There is only one report about transportation of this cucumber ferrochelatase. Chow et al. (1998) commented in their paper that the precursor protein of the present cucumber ferrochelatase was imported into both mitochondria and chloroplasts. Although the results of in vitro transport experiments do not necessarily reflect the in vivo existence or localization of proteins, it is possible that the present ferrochelatase exists in plastids and/or mitochondria of hypocotyls and roots.
Concerning the number of ferrochelatase (genes), some reports suggested that plural species of ferrochelatase exist in higher plants. Little and Jones (1976) detected ferrochelatase activities in mitochondria and etioplasts of barley, which had different pH optima. Jacobs and Jacobs (1995) detected the ferrochelatase activity in the plasma membrane of barley. Recently, Chow et al. (1998) reported that two ferrochelatase genes whose expression and subcellular targeting are differently regulated, exist in the genome of Arabidopsis thaliana. They showed that both genes were expressed in leaves, stems and flowers, and their expressions were light-inducible. In addition, in roots only one of the genes (ferrochelatase I) was expressed, and its precursor is imported into both chloroplasts and mitochondria, whereas the other (ferrochelatase II) was targeted solely to the chloroplasts. The deduced amino acid sequence of the present cucumber ferrochelatase was similar to that of Arabidopsis ferrochelatase I (69.8%) than ferrochelatase II (56.3%). As the precursor protein of the present cucumber ferrochelatase was imported into both mitochondria and chloroplasts (Chow et al. 1998) , it is similar to Arabidopsis ferrochelatase I in this sense. However, in contrast to Arabidopsis ferrochelatase I which was expressed in most of the plant tissues and was light-inducible, the expression of the present cucumber ferrochelatase was restricted to hypocotyls and roots and not affected by illumination. Although we can not deny the possibility that such difference of expression originated from two plant species, it is possible that limited expression of the present cucumber ferrochelatase in non-photosynthetic tissues reflects its distinct role in cucumber.
The expression in non-photosynthetic tissues like the case of cucumber hemH was also reported in other genes involved in the early step of porphyrin biosynthesis. In cucumber, there are two different hemA genes, hemAl and hemA2 (Tanaka et al. 1996) , which encode glutamyl-tRNA reductase and catalyze the initial step of 5-aminolevulinic acid biosynthesis. Northern blot analyses indicated that the hemAl mRNA was light-inducible and primarily detected in cotyledons and hypocotyls, whereas the hemA2 mRNA was poorly light-responsive, and detected in roots and hypocotyls but hardly detected in cotyledons. The similarity of the expression patterns between the hemA2 and the present hemH suggests that there are two pathways for tetrapyrrole biosynthesis in higher plants, i.e., one pathway for heme biosynthesis in non-photosynthetic tissues and the other for Chi and heme biosynthesis in photosynthetic organelle, chloroplasts. The current ferrochelatase is thought to catalyze heme or siroheme synthesis in hypocotyls and roots. Moreover, it is thought that the chromophore of phytochrome is synthesized from heme. Five species of Arabidopsis phytochrome mRNAs are expressed in all organs (Clack et al. 1994 ). This ferrochelatase, therefore, may also have an important role for phytochrome chromophore synthesis in hypocotyls and roots.
